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An unexpectedly high A-hyperon production yield has been
observed yecently /1-3/ in the annihilation of low energy
antiprotons on nuclei. Thus, measurement of the production
cross sections of 'A_, & and kg-mesons in the annihilation of
antiprotons in Ta at 4 GeV/c /1/ has revealed that o{A) 1is
more than ten times greater than the corresponding cross
section for the pp+AR reaction, multiplied by a%/3,

5till more eurprizing results were ocbtained in our PS
179 experiment at CERN /2,3/, in which the production of
neutral ‘'strange particles was investigated in the
annihilation of antiprotons in ZONe and 4l-le at 600 MeV/c (the
corresponding kinetic energy is 180 MeV). At this energy the
production of a A on a single nuclecn is forbidden, since the
pp+AK reaction threshold is Pyp=1435 MeV/c (associative
A-production, such as pN+AK, iz alsc forbidden owing to
congervation of the baryon number). Nevertheless, the A cross
section turns out to be high, comparable or even greater than
the cross section for the allowed of Kg production channel
(the ratio R=cr(A)/cr(Kg) is R=2.3$0.7 and 0.9410.19 for
annihilation in ONe and 4He, respectively}.

In this article we continue the investigation of
subthreshold A production in the case of antiproton
annihilation in 3He at rest. We have studied the ﬂfollowing
reactions inveolving annihilation of stopping antiprdtons
§+3He-A + X - ‘ {1)
P+ e k] +x (2)
Data were obtained using a streamer chamber exposed to the
LEAR antiproton beam of 105 MeV/c at CERN. The experimental
apparatus has been described in detail previously /4/, so
here we shall only recall the main features.

The (90x70x18 cma) self-shunted /5/ streamer chamber was
filled with helium at atmospheric pressure. For achieving
well-localized bright tracks in the chamber, an admixture of
C4H1° (0.14%) was included. The chamber was placed in a
magnetic field of 0.4 T. The trigger was provided by a



hodoscope of thin scintillation counters placed along the
peam in front of the champer. Due to anergy lpeses occurring
in the end-wall of the vacuum line of LEAR, in the trigger
counters and in the entrance window of the‘ chambe:,l tné
kinetic energy of antiprotons entering the chamber was
reduced to 2.5 MeV. As a result, the antiproton stopping
points were in the central region of the chamber.

About 1.5.10% pictures 'were scanned in search of
candidates for neutral strange particle decays tv°) into
charged particles. G§elected events were measured and
processed using the HYDRA program for geometry reconstruction
and kipematical apalysis. Processing of the obtained data is
considered in detail in refs./2,3,6/. The final statisticse
consisted of 78 Kg and 25 A. The total number of antiproton
interactions was 14319. We estimated /7/ the events due to
annihilation on the admixture in the he gas which could be
confused with annihilation on 34e to make up for about 2.4%
of the total number of events. Our detection efficiency is
about 100% for Vo vertices separated from the annihilation
vertex by not less than 1 cm, while there is a substantial
loss of the Vo decaying in the vicinity of the interactiocn
vertex. The losses of these VO as well as of those decaying
outside the fiducial volume were taken into account by
introducing weights. The weight W {representing the inverse
registration probability for a given event) was calculated by
simulation. The average weights turned out to be
W>=1.8550.16 for the A and <W»=1.62:0.13 for the KQ.

To obtain the absolute VO yields corrections were made
taking into account neutral decay medes, the scanning
efficiency and the efficiency of measurement and
reconstruction. Kote that the process §3He»EDXaA1x also
contributes to the measured yleld of A. The corrected

absolute yields of A and Kg turned out to be:
p = (055 % 0.11)-107% (3)
(1.59 + 0.20)+107 2. (4)
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We have estimated the ambiguity in the determination of
{3)-{4} to be about 13 % (it comes mainly from the events
rejected by the geometry reconstruction program).

The ratio R = YA / Yo is:

R = 0.35 + 0.08. {5)

We have B double VO that were identified as 3 AKg and 5
KgKg. The corresponding yields are:

Y(AKg) = (0.15 * 0.08)-1072 (8)

Y(K3KD) = {0.20 + 0.09)-1072. (7)

We also obtained the multiplicity distributions (see
Table 1) for events asscciated with A and Kg. It is
noteworthy that these distributions are rather similar.

Table 1. Charged-prong multiplicity distribution for events

associated with vU. The probability for such events with M

charged particles ie given in percents.

type. Number of prongs - M

of Vo 1 3 5 7

K3 18,0 £ 4.3  66.7 5.3 14.1 = 3.9 1.28 £ 1.27
A 28.0 £ 9.0 56.0 £ 9.9 16.0 £ 7.3 -

The mean numbers of negative charged mesons (m and K )
produced in the primary annihilations associated with V- are:

<n>_= 0.99 % 0.07 for K° (8)

<n> = 0.88 z 0.13 for A. (9)

These values are significantly lower than the corresponding
overall average multiplicity of negative charged mesons
produced in EBHe annihilation /7/: <n>_= 1.61 % 0.03.



The most simple case for identification of a particular
reaction channel is represented by one-prong events
associated with Kg. These events are mainly due to
annihilation on a preoton in 3He into neutral m-mesons and a
®x0 pair:

P+ 3He £ KOKO + m‘n.’o + p + n. {10)
The rate of (10) depends on the prcbability W_ for the
antiproton te¢ annihilate on a proton in 3He and on the yield

!(Epskgxo) of Kg in the channel pp=K0K0+mn0

W(l,K ) = w -Y(EpsK x° ). (11)

We have found 14 one-prong events with Ko corresponding to
W1, K }=(0.286:0.073)%. Previously, we S btained for 5He
annlhllatlon at rest /8/ WP= 0.81+0.02. Substituting WP into
(11) and taking into account the value of W(l,Kg) from our
measurements we obtain:

-2

Y(EpsKgxo) = (0.35 % 0.09)+10 (12)

0f course, the charge exchange and absorption of picns or
kaotts may also yield one-prong events with Kg. We have
estimated the contribution of these final state interactions
to lead to a 10% uncertainty in (12}.

One must compare the value in (12) with those obtained
from measurements of ppsKDXU annihilation in bubble chambers
/o/ where Y(pp-ROx")= (o 25640.015)+10 2.
slighlty smaller than (12) but both results are compatible

This value is

within the errors. One may consider (12) as the £first
measurement of the EpaKgKO annihilation channel in a gas. It
is important that antiproton annihilation at rest in a 3he
gas occurs mainly from P- and D-levels (with probabilities
equal to 49% and 43%, respectively, /10/), while the bubble
chamber result concerns D annihilation in liquid hydrogen
which takes place, in the main, from S-states (see, e.g.

f11/7).



We try to analyse the characteristics of A production in
PR annihilation at rest under the assumption that a A is

produced in K rescattering on one of the residual nucleons:

pN= KK + mr
K+ N=s A+ X,

(13)

This mechanism was investigated in detail for antiproton
annihilation on heavy nuclei in the framework of different
cascade models /13-16/. AR number of channels were shown to
exist for A producticn, for instance, via Zo formation -
RN¢ZOX¢A7X, or =F charge exchange - fNaEix, ZthAx, or
two-nucleon kaon absorption - ENN»AN, or in w{w)-meson
rescattering. However, in the case of p annihilation eon the
lightest nuclei not all rescattering processes are important
or possible and one can hope to treat A production in a
simple phenomenolcgical way. We restricted our consideration
to A producticn in kaon rescattering (13). We shall assume
the probability of A production to depend only on the number
of nucleons in the residual nucleus, according to the
binominal law. 8o, for E3He and §4He annihilation the
probabilities P,y and Py of A production on 2 or 3 nucleons
depend on the A production probability on a single nucleon P

1

as follows:
P, = 2P (1 - P1)2 (14)
P3 = 3-Pl-(1 - Pl) - [15)

Por estimation of P, we take .the A yield in pd
annihilation, !(A)5d=(0.36:0.06)-10_2 /17/, and the KR yield,
which we derive from the pp and pn data (see discussicn
below):

_ — i, _ -3
Y- (KEmr) = W_Y- (K +W_¥- = .B6x0.17)-
pd( ) PYpp( Kmre ) n Pn(KKmn) (4.8 1=10 %, (18)
where Wp(wn) is the probability of annihilation en the proton
(neutren} in the deuteron. Then:
P, = Y(Ajﬁd / Yﬁd(KKmﬂ) = 0.074 £ 0.013. (17)
applying P, from {17), i.e. starting from the pd data, it is



possible to calculate the probabilities (14-1i5) and to
estimate the overall A yields in §3He and §4He annihilation:

Y, (A) = P,r¥_, (KRmm) = (0.67 & 0.11)-1072 (18)
He p He _ -2
(A) = P3'Y—4 (KKmr) = (0.93 + 0.14}-10 (19)
e P He
The kaon yields Y_(KKmm) in pA annihilation were calculated
paA

in the same manner as in the case of pd (see, eg. {16)). The
calculated yields of A (18-19) are in good agreement with the
experimental values: )

-2

¥, (A)=(0.55%0.11)-10 {this work) and
3I-le

-2

Y4 {(A)=(1.1240.12)+10 from ref./18/.

He

This merely reflects the fact that in antiproton annihilation
on the lightest nuclei the A yield is roughly proportional to
the number of nucleons remaining after annihilation.

Additional support of the rescattering scheme (13) is
provided by calculation of the partial yields ¥{M,A) and
Y(M,KD) of events with M charged particles asscciated with A
and KS' We try to calculate these values starting from the
yields of kaons in pp and pn annihilation. In Table 2 we
present the partial rates of pN+KKmm annihilation at rest
calculated from the data of ref./9/. Unfortunately, the main
bulk of Xkaon channels measured up to now includes only
reactions with Kg in the final state. The partial rates of
§N¢K+K‘mn are not known, and we have assumed them to be the
same as for the ENgKoﬁqmn channel. It is interesting to note
that the total kaon yield ¥(K¥Xmn) in pp annihilation obtained
in this way is Y= (KKmn) (4.74+0.22)-10 2. It is smaller than
the frequently quoted value ¥-— (KKmm)=(6.82%0. 25) =10 2, which
was obtained in an old experiment /19/ the K’k mr channels
being not measured but estimated. However, we have checked
that the multiplicity distributions Y(M,A} and Y™, K ) for
p3He annihilation calculated using both these values 001nc1de
within the errors. The total kaon yield Y(KRmm) in pPn
annihilation is Yﬁn(KEmn)=(5.OltO.27)-10-2.



Table 2. Partial rates of pNsKKmmr annihilation at rest.
Branching ratios (in percents of the total PN annihilation
probability) are classified according to the type of KK pair
and the number N(n+n_J of w'n” pairs produced. The yields of
channels with fixed N(n+rr_J were obtained from the data of
ref./9/ by summing vup all channels witlh neutral m-mesons.

pp = KEmm
Number of
n'n” pairs k%% or K'k” x*n” or k% nt
0.563 = 0.035 0.682 * 0.061
1.056 * 0.085 0.071 = 0,007
ph = KEmm
Number of
ntn” pairs k°%%" or k'K n” Bk nn k%%
1.530 £ 0.124 0.264 = 0.027 0.507 £ 0,047
0.075 £ 0.026 - 1.027 £ 0.073
0

To describe K, multiplicity distributions we assume

kaons to be produceg directly in pp and pnt annihilation and
part of them to be lost in the rescattering process KNsAX.
The multiplicity distribution of events associated with A was
calculated assuming the rescattering mechanism (13). The
probabilities for a kaon to rescatter intoc A on a proton or a
neutron were taken to be equal. To obtain the partial yields
Y(M,A) and Y(M,Kg) we summed up the branching ratics of all
channels providing a given charged particle multiplicity M in
the final state taking into account that this multiplicity



may undergeo changes in the rescattering process:

= ] i W - i - -
Y{M,A) = [WPE Yp(KK+mTr) + W E_j Yn(KKﬂnTr)] P, {(20)
0,_ JP I .t [ I i
Y{M,Ks)— Wp E ¥P(KK+mﬂ) Fp + Wn E Yn(KK+mn} For (21)

where Y; (Yi] are branching ratios of channels Pp=KEWT
(pn=KEmm) , Ft o is a correction factor which takes into
account the 10%5 of kaons due 0 rescattering. The results of
calculations are given in Table 3.

Table 3. Comparison of calculated and measured charged-prong
multiplicity dlstrlbutlons for events assoclated with & and
Kg. The -yields of events with M charged particles are given
in percents of the total p Ee annihilation probability

type Number of prongs - M

ot V0 1 3 5

Kg Calc 0.35 * 0.02 1.37 £ 0.08 0.22 £ 0.01
Exp 0.29 £ 0.07 1.06 £ 0,13 0.22 #* 07

n calc 0.14 + 0.02 0.43 £ 0.07 0.08 £ 0.01
EXp 0.16 = 0.08 D.31 £ 0.08 0.09 ¢ 04

FProm the values given in Table 3 one can see that the
simple rescatterlng scheme allows to explain both kacn and A
multiplicity distributions. Tt is noteworthy that the omnly
input to ,{20-21) are the kacn branching ratios and the A
production probability in PN annihilation (14).

The rescattering scheme (13) is also capable of
reproducing the yieid of double VO events éuch as AKg. In
this scheme KO originate only from kaons but not from

3 .
antikaons. Antikaon rescattering Ki=AX produces A:
0 0= 0=
v(axg®) = [y (K°Remm) o+ W oY (KORemm) 1B, /2 (22)



Substituting into (22) the wvalue of P, from {14) and the
branching ratios Yp' ¥ of channels PN=K Kmm from Table 2 cne
can obtain:

v(ak") = (0.17 £ 0.03)-1072,

which is in a good agreement with the experimental value (6).

To conclude, the yield of Ko

g from pp annihilation inte

KOKOmHD has been determined for annihilation in 3He gas:
¥{pp = Kg x%) = (0.35 + 0.08).1072.
We have measured the A and@ KO yields from antiprcton

3 E]
He at rest:

2

annihilation in

¥, = (0.55 ¢ 0.11)-107% and ¥, = (1.59 % 0.20)-107%.

It turns out that even stopping antiprotons produce A
with a noticeable probability. The most natural explanation
of this fact seems to be rescattering of the annihilation
kaons. This mechanism is capable of reproducing the absclute
A yvields as well as the multiplicity distributions of events
with neutrzl strange particles and the yield of double VO in
the Axg channel. Our results that reveal an essential A
production even in the annihilation of stopping antiprotons
provide an explanation for the significant yield ( up to 10_3
per annihilatieon) of heavy hypernuclei observed recently in
the P5 177 experiment at LEAR /20,21/. From comparison of the
absolute A yield /1B/ and the rate of hypernucleus formation
cne can estimate that approximately 10% of all the A produced

in pA annihilation at rest are bound into hypernuclei.

The LEAR and South Hall CERN Area teams are gratefully
acknowledged for their continuous support during data taking.
In particular, the authors are grateful +to C.Casella,
V.V.Bogdanova, G.A.Kulkova, M.N.Shelaeva and IL.A.Vasilenko
for their essential help in scanning and measuring the
experimental material.
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Batycos 0.A. u np. E1-80-118
O6pasopBaiHe HEHTPAILHEX CTDPAHHBX YaCTHIL

B AHHUIWIAIHE OCTaHaBIHBAKIHMXCA AHTHIDOTOHOR

Ha anpax “He

Onpenesnens BbXOZb A-FHNEPOHOB H K3 ~Me30HOB B asHHurH-
JAIMH aHTMnpoTonbs Ha aAnpax 2He B nokoe: YA:(0‘55 s
+0.11) . 1072, Y =(1.59 * 0.20) .10"% | THokasamo, uro abco-
MOTHHH Beixod A, a Takme pacnpelefleHHA [0 MHOXECTBEHHOCTH
COBHMTHH C HeWTpAaNbHBEIMM CTPAHHBMM YACTHIAMM MOTLVT BbLITh
BOCHIPOH3BEOSHH B MpPEANoNoXKeHUH ob6pa’loBaHuMAa A NpH Oepepac-
CeAHHH AHHHTWIALHOHHBIX Me30HOB. Bour mameper sexon Kg npu
pp amsurmwiammi B K°K°mw® mna rasa 3He: Y (pp=> K°X°) =(0.35+
+ 0,08) . 107,

PaGora BwinolHeHa B JlaGopaTopHH ADepHbX npo6nem QHAN.

MpenpuuTt O6HeOMHEHHOTO HHCTITYTA ANEPHEIX Heeneposadwit, fyGua 1990

Batusov Yu.A, et al. E1-90-118
Production of Neutral Strange Particles
in Ahtiproton - 3He Annihilation at Rest

A-hyperon and K§ yields in antiproton annihilation in
3He at rest have been measured: YA = (0,55 £0.11) - 10% .
Yg = (1,69 £0,20) . 10™% . It is shown that the absolute
yield of A production as well as the multiplicity distri-
butions of events with neutral strange particles can be
reproduced under the assumption of A production in the
rescattering of annihilation kaons. The yield of K§ from
pp annihilation into K°K°m#°® has been determined for
annihilation in 3RHe gas: Y(pp => K§X°) =(0.35£0.08) - 1072 .

The investigation has been performed at the Laboratory
of Nuclear Problems, JINR.

Preptint of the Joint Institute for Nuclear Research. Dubna 1990
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